Introduction:
The composition of Europa's subsurface ocean is a critical determinant of its habitability. However, our current understanding of the ocean composition is limited to its expression on the surface. We have begun to experimentally investigate the composition of mixed sodium-magnesium-sulfate-chloride solutions when frozen to 100 K, simulating conditions that likely occur as ocean fluids are emplaced onto Europa's surface.
Our goal is to systematically examine how chemical composition of Europa's surface reflects subsurface ocean chemistry and composition, and thus enable constraints to be placed on ocean composition through the observation of surface materials.
Experimental: Frozen Na + -Mg
2+
-Cl --SO 4 2-brines were investigated using a confocal dispersive Raman spectrometer (Horiba Jobin-Yvon LabRam HR) with a cryogenic optical stage (Linkam LTS 350). Ten microliter droplets of solution were placed inside the cryostage on a glass microscope slide, and cooled to the temperature of interest. In some cases, samples were annealed at a higher temperature before recooling.
Raman spectra were acquired at ~1 cm -1 resolution (532 nm excitation, 10 s, 2 accumulations, 600 grooves/mm grating). Optical images of the samples were also acquired. Results: Figure 1 shows the results of experiments examining the freezing behavior of a solution composed of a 1:1 volume mixture of saturated solutions of NaCl and MgSO 4 . The molar concentrations of the ions in this solution are given in Table 1 (sat. experiment). The onset of freezing, indicated by the appearance of crystals, occurred at 211 K. Figure 1 compares , and SO 4 2-at 100 K before (blue) and after (yellow) temperature cycling to 263 K. Control spectra of frozen MgSO 4 (green), Na 2 SO 4 (orange), MgCl 2 (black), and NaCl (magenta) solutions, also at 100 K, are included for comparison. Spectra are vertically offset for clarity. 
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ence of both MgCl2 (black dotted line) and NaCl (magenta dotted line Figure  2 . Again, the frequency of the υ 1 sulfate stretch at 990 cm -1 indicates the formation of mirabilite. Peaks at 3420 and 3536 cm −1 (magenta dotted lines) point to the formation of hydrohalite. The sample was subsequently warmed to its melting temperature (263 K), allowing the sample to equilibrate before refreezing it at 100 K. After thermal cycling, virtually all of the remaining hydrohalite had melted and did not recrystallize upon subsequent cooling, suggesting that this species is not to be expected at thermodynamic equilibrium. Figure 3 shows the results of an experiment using the "oxidized-salty" composition defined in Table 1 . This solution more closely mimics the possible composition of the Europan ocean. The same behavior is observed with this solution as with the sat. solution and the equimolar solution. This solution was highly acidic (pH ~1), so a 0.1 M H 2 SO 4 solution was frozen to 233 K for comparison. The υ 1 sulfate stretch peak is again found at 990 cm -1 , indicating the formation of mirabilite. This work and its implications are further discussed in a publication in press at the time this abstract was written [5] . Future work will examine the effects of vacuum and radiolytic processing.
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